ABSTRACT. No study has investigated the predictive validity and cut-off scores in diagnostic tests for falls used in in-
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• You may not further distribute the material or use it for any profit-making activity or commercial gain • You may freely distribute the URL identifying the publication in the public portal Take down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. (Perell et al., 2001; Persad, Cook & Giordani, 2010; Scott, Votova, Scanlan & Close, 2007) . However, few studies have investigated the predictive validity of fall-risk assessment tools used as a part of in-home assessments. This setting places special demands on functional mobility assessment tools as lack of space and equipment precludes many of them being used in this setting. In Sweden, in the 21st century there has been a substantial
INTRODUCTION

The predictive validity of diagnostic tests for falls in older people has been investigated using comprehensive fall-risk assessment tools and functional mobility assessment tools in a variety of clinical settings
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Olsson Möller et al. reduction in the number of beds in special accommodations, instead frail older people are to a greater extent receiving healthcare at home (National Board of Health and Welfare, 2011) 
, thus investigating the predictive validity of diagnostic tests for falls in this context is important.
There has been a substantial amount of research over the last two decades into the prediction of falls in older people because of the severity of associated outcomes for the individual after a fall, such as fractures and disability as well as high healthcare costs for society (World Health Organization [WHO], 2007) (National Board of Health and Welfare, 2011) . The risk of falling increases with increased level of frailty (WHO, 2007) and older people receiving care at home consume more hospital care than people in special accommodation (Condelius, Edberg, Hallberg, & Jakobsson, 2010; Karlsson, Edberg, Westergren & Hallberg, 2008 (Gillespie et al., 2009) .
A diagnostic test distinguishes between those at risk and those not at risk, and is assessed according to its ability to diagnose the outcome correctly (Bewick, Cheek & Ball, 2004 (Downton, 1993) (Downton, 1993) , and is usable for different professions in the care for older people. This cut-off score used in institutionalized older people has shown 81-100% sensitivity and 9-40% specificity (Downton, 1993; Nyberg & Gustafson, 1996; Rosendahl et al., 2003) . However, to our knowledge, the predictive validity of DFRI has not been investigated in frail older people living at home.
When a person has been identified as being at risk of falling, e.g., after assessment using the DFRI, there should be a more comprehensive evaluation to identify specific risk factors (NICE, 2004) (Podsiadlo & Richardson, 1991) and the Romberg test (RT) . These tests can be used in in-home assessments (McMichael, Vander Bilt, Lavery, Rodriquez & Ganguli, 2008) . TUG is a functional mobility assessment tool and measures the time it takes to rise from a chair, walk a distance of 3 meters, turn, walk back, and sit down again (Podsiadlo, 1991) . In a systematic review of TUG and risk of falls in older adults (aged 65+ years and without neurological disease) the cut-off values varied from 10 to 32.6 s (Beauchet et al., 2011) . Sensitivity and specificity varied from 63-87% (ShumwayCook, Brauer & Woollacott, 2000; Trueblood, Hodson-Chennault, McCubbin & Youngclarke, 2001) . In a study of 455 community-dwelling frail older people with a 12-month follow-up, and the cut-off set at ≥16 s, 53% sensitivity and 63% specificity were registered (Shimada et al., 2009) . A recent systematic review of TUG (Rydwik, Bergland, Forsén & Frändin, 2011) (Khasnis & Gokula, 2003) and is used to assess static balance performance. Its predictive validity for falls was investigated in an in-home assessment with 358 older people and showed 24% sensitivity and 89% specificity (McMichael et al., 2008) . In the present study a modified version of RT, i.e., the Semitandem Romberg test (SRT) and Tandem Romberg test (TRT) were used (Guralnik et al., 1994) . In a study in 58 older people (aged 65+ years) with dizziness ≥16 s on TRT almost doubled the risk of falls (Hansson, Månsson, Ringsberg & Håkansson, 2008 
AIM
The objectives of the study was to investigate the predictive validity for falls and to identify optimal cut-off scores in DFRI, TUG, RT, SRT, and TRT used in in-home assessments in frail older people (aged 65+ years).
METHOD Sample
Data were extracted from a study involving 153 people aged 65 years and older (Kristensson, Ekwall, Jakobsson, Midlöv, & Hallberg, 2010 (Folstein, Folstein & McHugh, 1975) .
Ethics
The Regional Ethics Review Board in Lund approved the study and informed written consent was obtained from all respondents.
Measurements
The data collection started in 2006 and was expanded in 2008 with, e.g., TUG and Romberg tests. Thus 150 participants responded to DFRI but only 85 participants performed TUG, RT, SRT, and TRT. The data were collected by means of personal interviews and examinations in in-home assessments. To analyse the predictive ability of the instruments, baseline data concerning DFRI, TUG, RT, SRT, and TRT were used and data on falls were collected at the six-and twelve-month follow-ups.
Falls
Data on falls were collected by asking "Have you had a fall in the last 3 months?" . When there was a positive response, follow-up questions about frequency, location, fall injuries, and medical treatment were asked. A fall was defined as "an unexpected event in which the participant comes to rest on the ground, floor, or lower level" (Lamb, Jørstad-Stein, Hauer & Becker, 2005) . (Downton, 1993) (Podsiadlo & Richardson, 1991) . The test has shown strong inter-and intra-rater reliability (Podsiadlo & Richardson, 1991 , Shumway-Cook et al., 2000 and a moderate association with ADL, balance, and mobility (Rydwik et al., 2011) (Khasnis & Gokula, 2003) , i.e., static balance impairment. The RT and TRT have shown moderate to good test-retest reliability (Steffen & Seney, 2008) . Tests of static balance in this study included RT, SRT, and TRT (Guralnik et al., 1994) . In this study, the participants were instructed to stand with their feet together (RT), semitandem (SRT) (Bewick et al., 2004 (Moe-Nilssen, Nordin & Lundin-Olsson, 2008) . To determine the appropriate threshold, Youden's index was used, range -1 to +1, J = +1 indicates a perfect test (Bewick et al., 2004) . This test explores the cut-off value for which sensitivity and specificity are maximized. Statistical analyses were conducted using the software program SPSS 18.0 (International Business Machines Corp, Armonk, NY, USA) .
Downton Fall Risk Index (DFRI)
DFRI includes 11 fall risk items, i.e., history of falls in the preceding
Romberg Test (RT), Semitandem Romberg Test (SRT) and Tandem Romberg Test (TRT)
Romberg test (RT) was used in the beginning to detect neurosyphilis, but today it is used as a part of a routine neurological examination to assess pathology in the proprioceptive pathway
RESULTS
In the total sample at baseline (N = 153) 67% were women and the mean age was 81.5 years (SD 6.3, 
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114 (78) 24 (77) 66 (78) (Table 3) , and 79% sensitivity and 24% specificity at this cut-off were in congruence with other studies in patients in a geriatric stroke rehabilitation unit (Nyberg & Gustafson, 1996) and older people living in special accommodation (Rosendahl et al., 2003) . A study on community-dwelling frail older people suggested 16 s as a cut-off for the TUG with 53% sensitivity and 63% specificity (Shimada et al., 2009) impairment were included in the study by Shimada et al. (2009) (Trueblood et al., 2001 (Rydwik et al., 2011) (McMichael et al., 2008) . In the TRT, a cut-off of ≥15 gave 94% sensitivity and 12% specificity. A statistically significant association between fall risk and TRT in older people has been described (Muir, Berg, Chesworth, Klar & Speechley, 2010) (Rosendahl et al., 2003) . This means that frail older people at home have the same need for fall preventive interventions as older people in special accommodations. The health status of frail older people is complex and changes rapidly and the screening of older people in special accommodation for fall risk every third month has been recommended (Rosendahl et al., 2003 (Pluijm et al., 2006; Stalenhoef, Diederiks, Knottnerus, Kester, & Crebolder, 2002) 
Methodological Considerations
The low number of fallers at the six-(n = 15) and twelve-(n = 18) month follow-ups probably meant low power in the analysis resulting in lack of statistically significant differences in TUG, RT, SRT, and TRT. However (Fried et al., 2001 
